Abstract Hunting is a serious threat to wildlife worldwide. The rainforest-rich Arunachal Pradesh state of India, a biodiversity hotspot, is an area severely affected by indigenous hunting. The state has several indigenous tribes who hunt for food, trade, culture and leisure. Using semi-structured interviews and questionnaires we surveyed 184 individuals in 51 villages across four tribes for information on species hunted and hunting practices. A total of 33 mammalian species are reportedly hunted, of which only 11 were reported by hunters during formal interviews. The other 22 species were observed during casual visits, festivals and informal discussions. Of the species hunted 20 are Endangered, Vulnerable or Near Threatened on the IUCN Red List. Villagers now travel longer distances to hunt than they did a decade ago, suggesting a decline in wildlife populations around villages. The extent of offtake of mammals was related to the altitude of the village and the use of guns. Villagers living at higher altitudes and with guns appeared to hunt more. We also documented the importance of ritualistic hunting by some tribes. Additional research is required to estimate offtake and consumption rates of wild meat. Increasing conservation awareness and communitybased conservation projects may assist in controlling the severity and extent of this hunting problem.
Introduction
H unting for, and trade in, animal parts is a major threat to wildlife across the tropics (Bennett et al., 2002; Milner-Gulland et al., 2003) . Local communities living in the vicinity of forests depend on native wildlife for food, trade, cultural purposes and income (Robinson & Redford, 1991; Fa et al., 1995) . With growing human populations, increased accessibility to remote forests and adoption of modern hunting methods and guns, the problem of hunting has become severe. In many places species are being extracted far above sustainable limits (Hill et al., 1997; Hart, 2002) because of market demands for wild meat (Fa et al., 1995; Apaza et al., 2002) . In areas where hunting is prevalent, wildlife populations have severely declined in biomass and there have been changes in the relative abundance of age classes (Peres, 2000) . Control of this problem requires information on hunting patterns and understanding on the factors that drive local hunting (Bennett et al., 2000) .
In Asia information on hunting is limited (Corlett, 2007) and largely restricted to trade (Banks et al., 2006) , whereas in Africa and South America there are data on hunting for subsistence by indigenous communities (Robinson & Redford, 1991) . Even less is known about indigenous hunting in India, which contains two biodiversity hotspots and has dedicated environmental legislation (Anonymous, 1994) . We focus our study on north-east India, a biodiversity hotspot where a strong cultural tradition of hunting exists. Although India has a tradition of wildlife protection (Rangarajan, 2001) , indigenous communities in north-east India are culturally more similar to those in South-east Asia than those in peninsular India, and hence hunting practices are common (Datta, 2007) . Hunting is cultural and widespread in the state of Arunachal Pradesh and has led to low wildlife abundance (Datta, 2002; Hilaluddin et al., 2005; Mishra et al., 2006) .
To understand better the societal drivers of these hunting practices in Arunachal Pradesh, and the ecological impacts, baseline information on hunting is required. We designed this study to identify the drivers of hunting and generate baseline information on hunting trends in Arunachal Pradesh. We conducted surveys and semi-structured interviews to (1) document general hunting patterns across tribes (frequency of hunting, species hunted, reasons for hunting and not hunting, perceptions of hunting, techniques and taboos related to wildlife hunting), (2) identify the main factors determining hunting, and (3) identify the main predictors of level of offtake. We aimed to obtain a broad understanding of wildlife hunting based on a range of tribal cultural practices, geographical locations and hunting skills.
Study area
Arunachal Pradesh is in the Eastern Himalaya (Fig. 1) , which is part of the Indo-Myanmar biodiversity hotspot (Myers et al., 2000) and one of the 200 globally important ecoregions (Olson & Dinerstein, 1998) . The state is also home to 26 indigenous communities, 80% of whom are primarily agriculturalists using shifting cultivation, and most land is community owned. These indigenous groups mostly have a cultural preference for wild meat (Hilaluddin et al., 2005) , which has an important role in their lives (Elwin, 1959; Fürer-Haimendorf, 1982 , 1983 . During 1991-2001 the human population in Arunachal Pradesh increased by 27%, whereas the average increase for India was 21% (Anonymous, 2006), accompanied by changes from a subsistence to a cash economy.
Four main tribes, Nyishi, Mishmi (Miju and Digaru), Meyor and Monpa, inhabit the study region (Table 1) . Most tribes in Arunachal Pradesh are site-specific. The study sites were chosen because they were the areas most accessible and feasible to study within the time and resources available.
Methods
An interview survey of 184 respondents, of four tribes, in 51 villages in four districts was carried out during JanuaryMay 2006 (Table 1) . We used semi-structured interviews, with questionnaires, with individual hunters. The variables considered were: species hunted, number of animals hunted in the previous hunting season (October-March), motivations for hunting, distances travelled to hunt now and in the past, whether hunting is a group or solitary activity, preferred season, time of hunting, duration, hunting success, and perceptions of wildlife abundance. Villages and households within each village were selected based on information from key informants (administrative officials, village headmen and school teachers). One male per household was interviewed (only men hunt). Women provided additional information related to consumption of meat. Interviews were conducted with the aid of field assistants who belonged to the tribe and spoke the local dialect. Most people agreed to be interviewed except in two Wildlife hunting in north-east India 565
households near the Kamlang Wildlife Sanctuary. Villagers were wary when notebooks were used while conducting interviews and therefore data were recorded, with permission, and transcribed later. Each interview lasted 30-40 minutes. Pictures were used to confirm the identity of particular species hunted. We also witnessed religious ceremonies and traditional weddings in some of the villages to document the cultural value of wild and domestic animals. Hunters were asked to recall only mammals hunted. Villagers tend to remember mammals because they are large and of consumptive and economic value, and the number provided was thus more reliable than the number of birds or reptiles. A hunter's response for the previous season was also cross-checked with the number of skulls being smoked over fire in his house. Hunters often took pride in sharing information on hunting, which is part of their culture and an integral part of their lifestyle. Recent hunts (past 6-8 months) were identified from fresh animal remains and skulls and intact skins. Fresh skins are also dried in the sun and used as mats. If there was oil or fat under the skin, it also indicated a recent hunt. In some cases pheasant tail feathers were observed to have meat at their base, indicating fresh kills.
For assessing the frequency of hunting three categories were defined based on hunters' responses: very frequent trips (once per week), frequent trips (once per month) and rare trips (once in 3 months). Time spent on hunts was converted to three distance classes (half day to 1 day 5 close to village, 2-3 days 5 1-5 km from village and 1 week or more $ 5 km from village). The distance classes included both travel and hunting time. We asked the hunters how many attempts they were successful in every five hunts. Success was defined as hunted at least one mammal in the last five trips. The successes were converted to percentage categories: 0 times out of 5 5 0%, 1-2 5 30%, 3-4 5 70% and 5 5 100%.
For Objective 1 (document general hunting patterns across the tribes), data from respondents who currently hunted were used (Nyishi, Meyor and Mishmi tribes). None of the Monpa admitted to hunting. Univariate analysis was used to determine correlations between variables. For Objective 2 (identify the main factors determining hunting) offtake in the previous season was the binomial response variable (1 5 success in previous hunting season and 0 5 no success). For Objective 3 (determine predictors of level of offtake) the number of mammals killed by a hunter was the response variable. We validated data on species and numbers hunted, as provided by villagers, with animal remains (skulls and skins) that we observed. The explanatory variables were not related to a specific hunting trip but are general hunting attributes ( Table 2) .
The study has a hierarchical structure (one respondent per household per village per district) and therefore linear mixed effect (LME) models were used for analysis, with villages within district as random factors (Crawley, 2007) . The minimum adequate model was selected based on stepwise deletion of variables that were not significant in the model, followed by analysis of variance to test the significance of the effect of the variable deletion. R v. 2.7.1 (R, 2008) was used for data analysis. The Meyor hunted frequently but because of the small sample size (n 5 5) this tribe was not included in the main analysis. A small number of Nyishi families have adopted Christianity and therefore, as belief is confounded with tribe, only tribe was used in the analysis. Altitude of village and distance of village from town are confounded and therefore only altitude was used in the analysis because it was found to be a better predictor of offtake.
Results
Of the 184 interviewees 114 (62%) stated that they currently hunt. The average age of hunters was significantly lower than that of non-hunters (39.29 -SE 0.99 years, n 5 114, vs 45.77 -SE 1.85 years, n 5 70, W 5 4957.5, P 5 0.005, df 5 1). The average age of hunters did not differ between Mishmi, Meyor and Nyishi (Kruskal-Wallis test v 2 5 4.57, df 5 2, P 5 0.20).
Reasons for hunting and not hunting
Mishmi, Meyor and Nyishi reported food as the main reason for hunting, followed by money, rituals/customs, interest in hunting and retaliatory killing of crop-raiding animals (Fig. 2a) . Cash income was an important reason for Fig. 2b ). Religion accounted for 48% of the reasons (all respondents in this category were Monpa), followed by the forest department ban (31%), old age (19%) and lack of interest (3%).
Hunting attributes
Hunters did not follow a fixed hunting schedule but hunted when convenient, although some hunting trips carried out for cultural or ritualistic reasons may follow a schedule, for example during village festivals and functions. During these periods hunting trips occur more often. Winter was the preferred hunting season for most hunters (93%) and early in the morning the preferred time to hunt. The frequency of hunting by the three tribes was significantly different (Kruskal-Wallis test v 2 5 7.2, df5 2, P5 0.03), with Mishmi and Nyishi hunting more frequently compared to Meyor. There was a marked difference in the reported distances travelled between past and present hunting trips. Formerly, hunters rarely travelled . 5 km from their village, whereas 94 villagers said they currently travel distances of . 5 km to hunt. Distance categories in the past compared with the present were significantly different (Wilcoxon signed rank test, W 5 600, P , 0.01, n 5 109). For all tribes the distance travelled was significantly shorter in the past than the present. The percentage categories of hunting successes by Mishmi and Nyishi is not significant (Wilcoxon signed rank test, W 5 9, P 5 0.25, df 5 1). Of the hunters interviewed 53% were 40-60 years old, 43% 20-40, and six . 60. People begin hunting from the age of 10-12 years and most continue hunting whilst their health permits. Boys , 20 years old join the hunting groups as helpers, carrying loads and cooking. We often saw young boys using catapults for hunting birds and squirrels, and setting up small traps on the village farms for rodents and birds. We documented 11 trapping methods, including bows and arrows and spears but not blowguns. The indigenous methods documented were stone-fall, trigger-and-release, canopy, spring-pole, gum, metal noose, hanging stone, pitfall, box, log-fall and rodent traps.
Species hunted
A total of 33 species of mammals were hunted (Appendix), of which only 11 were reported by hunters during formal interviews ( Table 3) . The other 22 species were observed during casual visits, festivals and informal discussions. Of the species hunted 20 are categorized as Near Threatened, Endangered or Vulnerable (Appendix) on the IUCN Red List (2009). Skins of 29 mammal species, skulls of 11 and teeth of four were recorded in households, including both fresh remains and animals hunted less recently. Skulls of recently hunted animals are smoked on a bamboo tray above the fire. People use several articles, such as bags, skull caps and other headgear, made from animal parts. In addition, 27 species of birds and two reptiles were also reported, or observed, to be hunted.
Determinants of hunting and offtake of mammals
Average altitude of the hunters' villages was 719.34 -SE 86.5 m (n 5 26; range 227-1,641 m), average offtake was 2 -SE 0.5 mammals per hunter (n 5 26), and the number of mammals hunted increased significantly with altitude (Spearman's test, P 5 0.05, df 5 25). Of 109 hunters (Nyishi and Mishmi) 47 had caught at least one mammal in the previous hunting season. None of the variables explained why people hunted but five variables (frequency of hunting, altitude of village, awareness of law, use of guns, use of traps) explained the number of mammals caught in the previous season (Table 4) . Gun hunting and altitude of village were retained in the minimum adequate linear mixed effect model for the number of mammals reported hunted ( Table 5) . Hunters with guns reported hunting significantly more mammals than those without guns (W 5 221, df 5 1, P 5 0.05).
Cultural influences
In interviews the Monpa denied hunting, citing religious reasons. During informal discussions with Monpa villagers in Tawang district, people reported retaliatory killing of wildlife to protect livestock and crops. Monpa villagers interviewed in the Pangchen Valley of Zemithang circle of Tawang district (Fig. 1) claimed that no one hunts in the valley because of strict religious taboos. Hunting for food is one of the main motivations for hunting in other tribes. The preference for wild meat was reportedly based on taste. People believed that wild meat is not contaminated like the meat of domestic animals that eat refuse around the villages. In the Mishmi tribe rituals also motivate hunting. Giving fresh or dried wild meat is a traditional practice during weddings, in which wild meat is given to the village priest and offered to guests. In one of the ceremonies attended a Temminck's tragopan Tragopan temminckii, trapped alive, was given to the priest. Use of wild meat in rituals was important irrespective of the species. Domestic animals are viewed as a reserve that is also needed for sacrifice during rituals. Because of inadequate healthcare facilities in these remote areas, villagers often rely on local village priests and healers who recommend the use of domestic meat for curing illnesses. There is conversion of local tribes to Christianity, which appears to affect hunting traditions in terms of practices followed. In addition, conversion to Christianity also probably leads to an erosion of hunting taboos. For instance, those who have converted stop displaying animal skulls in their huts but continue to hunt. A stuffed red panda Ailurus fulgens, trophies of sambar Rusa unicolor, skins of barking deer Muntiacus muntjak and Chinese pangolin Manis crassicaudata are some of the wildlife parts that we found in government staff quarters that had been received as gifts or occasionally bartered for by Army personnel. Cash income was an important reason for hunting by the Meyor. Certain species that have valuable commercial parts, such as otter Aonyx sp., musk deer Moschus sp. and Asiatic black bear Ursus thibetanus are hunted primarily for sale. Hunters reported that musk pod, bear gall bladder and other animal skins are sold in towns in the neighbouring state of Assam. Villagers in Anjaw and Lohit districts often sell the animal parts to shopkeepers (not from Arunachal Pradesh) who then sell them in towns outside the state. Special trips to hunt takin Budorcas taxicolor and musk deer are made during August-September, when hunters are free from agricultural work because the harvest season has finished.
Discussion
This study provides new information on hunting practices and species harvested and the socio-economic factors affecting the exploitation of wildlife in Arunachal Pradesh, and also highlights the cultural use of wildlife by the state's indigenous groups. Offtake levels are higher in highaltitude villages, which are also the most remote. However, it is hard to assign causation to this observation without further information. This higher offtake could be because more wildlife is present or because of greater hunter effort. The fact that the use of a gun is an important predictor of higher offtake suggests that the replacement of traditional hunting methods with advanced weapons is important in improving hunter yields. This could lead to local extinction of some species, especially in remote regions where law enforcement is weak and long-term hunting has already reduced wildlife populations. The increased distances now travelled to hunt compared to formerly indicate a possible decline in wildlife populations around villages. In addition to guns villagers also use traditional trapping methods. Trapping requires more time and traditional knowledge of the area, which may limit its impact compared to guns.
Our findings are a first step in understanding hunting practices in this understudied region. However, the research was logistically constrained. Our reliance on hunter recall is a limitation, although it is sometimes the only available approach to obtain data on harvest levels among indigenous communities (Usher & Wenzel, 1987) . However, confidence in this method is improved if other data can be used for validation. We found that recall was not reliable; an examination of animal remains substantially increased the list of species hunted. Recording fresh remains therefore provided supplementary evidence of offtake that we could use to triangulate and supplement the recall data. We used the recall period of the previous hunting season and focused on mammals; this was appropriate because a hunt for a mammal species is a momentous and infrequent event, which villagers could remember and categorize into economic, cultural and consumptive purposes. We did not ask about hunting of other taxonomic groups, such as birds and fish, where the recall was less likely to be reliable and remains were also less likely to be displayed. Jones et al. (2008) demonstrated that 1-year recall of harvesting behaviour can be reliable in certain circumstances. Thus, despite some of the limitations of our study the information obtained is novel and may be valuable for future studies in the region.
There was little wariness amongst respondents in answering questions about hunting. Only in a few villages close to town were people not prepared to discuss their hunting practices with us. The level of awareness about hunting laws is generally low in the region except near wildlife reserves (Pakke Tiger Reserve in East Kameng, Kamlang Wildlife Sanctuary in Lohit) and in Tawang. Another study that documented hunting in Tawang reported that hunting may have declined following the visit of the Dalai Lama, the spiritual leader of Buddhism, in 2003 (Mishra et al., 2006 .
Hunting is part of the culture of many indigenous communities and the multidimensional nature of hunting motivations makes studying the drivers of hunting behaviour particularly difficult (Caldecott, 1988; Robinson & Bennett, 2000; Silvius et al., 2004; Rao et al., 2005) . Our study revealed various motivations for hunting but ultimately the animal hunted ended up in the pot or in the market. The presence of alternate sources of protein from domestic meat (cows, chicken and pigs) in every household and respondents' livelihoods as swidden farmers or cash croppers suggest that wildlife is not an essential component of their diet. In this region hunting seems to be more important as a cultural practice than as a livelihood but wild meat is preferred over domestic meat. Ritualistic hunting appears to be an important component of the culture of the Mishmi and Nyishi. Giving gifts of fresh or dried wild meat is a traditional practice at Mishmi weddings and village festivals, and the number of baskets of wild meat given as the bride price represents the status of the bridegroom. Nyishi men wear a hornbill beak as part of their traditional head gear.
We do not attempt to draw conclusions from this study about the sustainability of hunting in the region. More intensive and focused research is required to quantify hunting and evaluate the outcomes of a range of potential conservation interventions. Our results suggest that offtake of wild mammals is low, with only a few animals hunted each year in a given village. However, in the absence of more detailed information on the abundance and distribution of the hunted species, this low offtake cannot be taken as implying either that hunting is not affecting wildlife populations or that wildlife is severely depleted. Hunting and trading of rare and threatened species such as clouded leopard Neofelis nebulosa, musk deer, Asiatic black bear and takin is a matter of concern as it is likely to have an impact even at low levels of offtake. Our study also suggests that the areas around villages may already be depleted, with hunters now having to travel further afield. Hunting with guns probably started a century ago (Bailey, 1912) and its impact, coupled with increasing accessibility by road, may have led to the depletion of wildlife around villages. This could lead to empty forests, especially in remote regions with low levels of law enforcement and where local people have traditionally hunted (Datta et al., 2008) .
The state of Arunachal Pradesh is undergoing rapid changes, with development projects such as hydroelectric dams, road construction and establishment of commercial markets. Migration from other states has led to a four-fold growth in the human population since 1947 (Anonymous, 2006) . This increasing population may lead to increased offtake if hunting continues at a constant low rate per capita. In other areas population increases and rapid changes in socio-economic circumstances of indigenous communities have caused similar concerns about wildlife populations (Rao et al., 2005; Golden, 2009; Zapata-Ríos et al., 2009) . Such developments also threaten local culture and may thus change villagers' relationships with wildlife and nature. For example, a shift towards Christianity in our study area could lead to more hunting of species that were previously protected by hunting taboos. Any moves to reduce offtake will require careful planning as hunting in this region is not just an economic activity but is linked to the cultural practices of local communities. More in-depth studies, combining ecological and cultural knowledge, are required for a better understanding of the drivers of hunting in this region. APPENDIX Mammals hunted by indigenous tribes in four districts in Arunachal Pradesh (Fig. 1) 
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